Abstract Understanding of the maternal transcriptome increased to elucidate the underlying molecular mechanism of normal oocyte maturation, which depends on a precise sequence of changes in maternal genes expression. Previous reports that the translational potential of a maternal mRNA is generally determined by the length of the poly(A) tail, and deadenylation is usually the first sign of mRNA degradation. However, in vitro cultured system has the underlying molecular mechanisms remain unclear. We determined whether the role of molecular basis, four important maternal genes, C-mos, cyclin-B1 (regulatory subunit of MPF), BMP15 and GDF9, were selected for detection of their precise mRNA expression patterns by real-time PCR and for determination of their polyadenylation status by poly(A) tail PCR during oocyte maturation. In the present study. the abnormal expression of maternal mRNAs prior to zygotic genome activation, which results in suppression of the corresponding protein level, may be responsible for, at least in part, a profound defect in further embryonic development. Reasonable expression of maternal gene is crucial for proper oocyte maturation and further embryonic development. 
Introduction
During meiotic maturation, mammalian oocytes accumulate a larger than necessary pool of maternally derived transcripts for oocyte maturation and early
embryogenesis. An increased understanding of the maternal transcriptome is needed to elucidate the underlying molecular mechanism of normal oocyte maturation, which depends on a precise sequence of changes in maternal genes expression. The translational potential of a maternal mRNA is generally determined by the length of the poly(A) tail, and deadenylation is usually Effect of maternal gene expression on porcine oocytes in vitro maturation the first sign of mRNA degradation [1] . The in vivo overexpression of poly(A) polymerase (PAP), which further intensified the level of cellular polyadenylation, resulted in embryonic lethality in Drosophila [2] .
To date, few maternal oocyte genes in human or mouse oocytes have been characterized. Among these maternal transcripts, C-mos, cyclin-B1, growth differentiation factor 9 (GDF9) and bone morphogenetic protein 15 (BMP15, also known as GDF9B) are well-studied genes considered to be markers of female germ cells. C-mos is a proto-oncogene identified as a regulator of oocyte maturation in human [3] mouse [4] and pig [5] . Mos is an active component of the cytostatic factor (CSF) responsible for the arrest of meiosis at MII stage [6] . As a mitogen activated protein (MAP) kinase kinase kinase, Mos activates extracellular signal-regulated protein kinase (ERK) 1 and 2. A functional study suggested that Mos also mediates the activity of maturation/M phase promoting factor (MPF), another essential regulator of meiosis resumption formed by cyclin B1 and Cdc2 kinase, through the MAPK pathway and stabilization of cyclin B1 [6] . It has been reported that the dynamic change in levels of cyclin B1 is mainly controlled by cytoplasmic polyadenylation during mouse [7] and bovine [8] oocyte maturation. However, no such study has yet been conducted in pig oocytes. GDF9 and BMP15 belong to the transforming growth factor-b (TGF-b) superfamily, which contains many members with important roles in regulating fertility [9] . GDF9 and BMP15 were currently identified as oocyte-secreted factors involved in folliculogenesis and oocyte maturation, as well as in cooperative regulation of granulose cells [10] .
In the present study, cordycepin (3´-dA), a potent polyadenylation inhibitor or cyclopiazonic acid (CPA), a specific inhibitor of Ca2+-ATPase were used to detect the overall effects of polyadenylation or Ca2+-ATPase inhibition on in vitro porcine oocyte meiotic maturation. 
Materials and Methods
Ovaries were collected from prepubertal gilts at a local slaughterhouse and transported to the laboratory in 0.9% NaCl solution supplemented with 75mg/ml penicillin G and 50mg/ml strepotomycin sulfate at 35°C.
Cumulus-oocyte complexes (COCs) were aspirated from antral follicles . Approximately 60 COCs were matured in 500 ml tissue culture medium (TCM)-199 containing 0.1% PVA (w/v), 3.05mM D-glucose, 0.91mM sodium pyruvate, 0.57mM cysteine, 10 ng/ml epidermal growth factor (EGF, Sigma, St. Louis, MO, USA), 10 IU/ml PMSG, 10 IU/ml hCG, 75 mg/ml penicillin G, and 50 mg/ml strepotomycin sulfate, under mineral oil at 38.5°C
for 44 hr in a humidified atmosphere of 5% CO2 in air.In the drug treatment groups,3´-dG(2mg/ml) or 3´-dA (5, 2, and 1 mg/ml) were added in the culture medium. In another experiment, 10 uM CPA was added to the culture medium. 
Real-time PCR with SYBR green

Data analysis
At least three replicates were performed for each treatment. Statistical analyses were conducted using an analysis of variance (ANOVA) and differences between treatment groups were evaluated with Duncan's multiple comparison test. Data were expressed as mean ± SEM and p<0.05 was considered to be statistically significant.
Results and Discussion
Maternal gene expression in porcine oocytes
Expression patterns of C-mos, cyclin-B1 (regulatory subunit of MPF), BMP15 and GDF9 were analyzed during pig oocyte maturation by the sensitive real-time PCR method. These four genes represented three different expression patterns. C-mos and BMP15 were maintained at relatively high levels throughout oocyte maturation, with a specific higher expression at 28 hr. Cyclin-B1 expression was relatively low during early stages of IVM, and then significantly increased up to 44 hr. Transcription of GDF9 remained constant at remarkably high levels during 0-28 hr of oocyte maturation, but was dramatically decreased at 44 hr.
mRNA levels of Cyclin B1 isoforms and Cdc2 in porcine oocytes
The mRNA expression patterns of both cyclin B1
isoforms and cyclin B1-L alone were similar, showing an initial, relatively consistent, low level during the early stages of IVM followed by a significant increase at 30
and 44 hr. Expression of Cdc2 was stable during 0-30 hr of maturation, and then sharply decreased at 44 hr.
Effect of cordycepin (3´-dA) on maternal gene expression
Cordycepin (3´-dA), a potent polyadenylation inhibitor, was used to detect the overall effects of polyadenylation inhibition on in vitro porcine oocyte meiotic maturation.
In 1 mg/ml 3´-dA-treated oocytes, C-mos and cyclin-B1 mRNA levels were unchanged during oocyte maturation.
As demonstrated by comparative analysis, the expression of cyclin-B1 and BMP15by pig oocytes was unchanged, while C-mos and GDF9 expression patterns during maturation were different between the untreated group and the 3-dA1 treated group (Fig. 1) . In 3´-dA1-treated
[ Table 1 ] Effect of polyadenylation inhibition on porcine oocyte maturation in vitro oocytes, C-mos mRNA level was significantly suppressed during 0-28 hr, and GDF9 mRNA expression was sustained at high levels at 44 hr, but was sharply down-regulated in untreated IVM at 44 hr (Fig. 1) . (Fig. 2 ).
Effect
[ Fig. 2 ] The effect of cyclopiazonic acid (CPA) on the expression of maternal genes. Pig MII-stage oocytes maturated with or without 10 mM of CPA were analyzed by real-time RT-PCR. The expression level of mRNAs in the control oocytes was taken as one-fold, and all expression levels were normalized to internal b-actin levels. Statistically significant differences are indicated by *P<0.05 and **P<0.01.
Polyadenylation status of maternal mRNAs in porcine oocytes
This experiment was designed to assess the poly(A) tail length of important maternal genes (C-mos, GDF9, BMP15) and mRNAs encoding proteins for MAPK (p42 and p44) and MPF (cyclin-B1 and Cdc2), and to detect the effect of a polyadenylation inhibitor on their polyadenylation status during pig in vitro oocyte maturation. Addition of 3´-dG in culture medium did not influence the oocyte maturation rate (Table 1) Particularly, C-mos was intensively polyadenylated at 44 hr after IVM, while the polyadenylation of cyclin-B1 started at 28 hr (Fig. 3 ). 
